One of the predominant organisms in the normal flora of the large intestine of man and other animals is the gram-negative, nonsporeforming, anaerobic, nonmotile rod, Bacteroides fragilis (7) . Recent studies of more than 300 strains of B. fragilis indicate that there is a continuum of variants (8) . Many intermediate strains do not conform to any of the combination of reactions described in the literature for this organism. However, analysis of certain sets of characteristics showed clusters of strains within the species and these clusters have been designated subspecies. The Anaerobe Laboratory Manual (8) lists five subspecies of B. fragilis: B. fragilis subsp. fragilis, B. fragilis subsp. distasonis, B. fragilis subsp. ovatus, B. fragilis subsp. thetaiotaomicron, and B. fragilis subsp. vulgatus. Additional study of these subspecies and strains, which fit none of them, is needed to determine whether their separation is adequate (10) .
In a study of the growth requirements of B. fragilis, in which the source of the seven strains was not given and identification was not documented, Tamimi et al. (21) reported that they failed to grow in a defined medium containing 20 pure amino acids, vitamins, purines, pyrimidines, glucose, and trace elements. Hemin was not included in the study, and supplementation of the medium with sodium thioglycolate was necessary for good growth. Quinto (17, 18) and Quinto and Sebald (19) showed that three strains of Ristella pseudoinsolita, which is now considered synonymous with B. fragilis (1) , had very simple nutrient requirements in that they could be grown in a medium containing only glucose, minerals, hemin, bicarbonate, carbon dioxide, and various amino acids, none of which was essential. Great discrepancies between the two studies are apparent. A nutritional study of well-characterized strains of the various subspecies was warranted, and information generated may be of value in relationship to their taxonomy and identification and may help generate information relative to the chemical environment and ecology of the intestinal tract which has selected them.
The present study was initiated to determine the minimal nutrient requirements of three strains of B. fragilis subsp. fragilis, one strain, NCTC 9343, being the proposed neotype of the species and genus. A comparison of the nutritional features of this subspecies to the other subspecies of B. fragilis was also investigated. The anaerobic culture techniques used were similar to those described by Hungate (9) as modified by Bryant (2) .
B. fragilis strains were maintained on rumen fluidglucose-cellobiose-starch-agar slants as indicated by Bryant and Robinson (4). The inoculum medium, similar to that used in the study of B. ruminicola (15) , contained the components shown in Table 1 . It was prepared as previously described (15) and was tubed in 5-ml amounts (13 by 100 mm tubes). The various experimental media were modifications of the inoculum medium, and specific compositions are given for each experiment in the results section. All components except carbonate and cysteine were added before autoclaving the medium unless otherwise indicated.
Inocula for experimental media were prepared as follows. A stab culture, grown on rumen fluid-glucosecellobiose-starch-agar slants and stored in a refrigerator for 1 h Volatile fatty acid (VFA) solution contained 36 ml of acetic acid, 1.8 ml of isobutyric acid, and 2.0 ml each of n-valeric acid, DL-2 methylbutyric acid, and isovaleric acid.
cB-vitamin solution contained per 100 ml: 20 mg each of thiamin-hydrochloride, calcium-D-pantothenate, nicotinamide, riboflavin, and pyridoxine-hydrochloride; I mg of p-aminobenzoic acid, 0.25 mg each of biotin and folic acid, and 0.1 mg of vitamin B12.
technique as modified by Obrink (14) with a Nessler colorimetric method (22) . Total nitrogen was determined by the method of Johnson (11) .
The amino acid mixture contained: 25 mg each of L-histidine-hydrochloride, L-tryptophan, glycine, and L-tyrosine; 50 mg each of L-arginine-hydrochloride, L-phenylalanine, L-methionine, L-threonine, and Lalanine; 75 mg each of L-lysine, L-serine, L-valine, L-isoleucine, L-proline, and L-aspartic acid; 100 mg of L-leucine; and 224 mg of L-glutamic acid. The mixture was dissolved in 50 ml of distilled water and added to medium at a concentration of 20% (v/v) (about 41 smol of nitrogen per ml).
RESULTS
Deletions from inoculum medium. The effects of various deletions of ingredients from the inoculum medium on growth of three strains of B. fragilis subsp. fragilis were initially determined. Results for strain 9343, from experiments done on each strain and in which the results were similar, are shown in Fig. 1 . These results from data collected after the first transfer from the inoculum medium, plus further data on growth of the three strains after four serial transfers on each of the media (data not shown), indicated that the volatile fatty acid mixture was not necessary and was sometimes slightly inhibitory (medium 3 versus 1 (Table 2) , as it does for many other organisms. In the absence of B12, the strains required about 7.4 ug of methionine per ml for optimal growth, whereas about 2.5 ,g/ml resulted in about half-maximal growth.
White et al. (25) showed that other methyl donors such as betaine, choline, and dimethylacetothetin will replace the methionine requirement in Pseudomonas denitrificans. When the above compounds, S-adenosyl-methionine, or DL-homocysteine were added (0.15 mM) in place of methionine, they proved to be ineffec- Table 1 except that the Casitone, volatile fatty acid, and vitamin solutions were deleted. Additions were as indicated above and in concentrations as in the inoculum medium, except for methionine which was added at a concentration of 0.5 mM.
bGrowth is indicated as the mean maximal OD of three tubes after three serial transfers. Numbers in parentheses indicate hours of incubation required to reach the maximal OD. Similar results were obtained with strains 2552 and 2044.
tive. Whether vitamin B12-like factors will replace vitamin B12 was not studied.
Nitrogen sources. Results in Fig. 2 show that NH,+ serves as the source of nitrogen and that growth-limiting concentrations are between about 0 and 5 to 6 mM. The strains showed little ability to utilize the nitrogen of a complex mixture of free amino acids, although strain 2552 grew to a very limited extent (Table 3) . These results also show that these strains have a much more limited ability to utilize the nitrogen of peptides (low-NH,+ Casitone) than does B. ruminicola, VOL. 28, 1974 which is well documented (15, 16) (20) . Therefore, Na2S2,, is probably not used as a sole sulfur source for these strains.
Results on the level of the sulfur requirement using the basal medium of Table 4 and cysteine as the sulfur source showed that the strains required about 0.8 mM sulfur for optimal growth yield and about 0.35 mM for half-maximal yield. These levels are about one-seventh of the nitrogen requirement (Fig. 2) .
Other subspecies of B. fragilis. Strains of B. fragilis subsp. vulgatus, B. fragilis subsp. thetaiotaomicron, and one strain of B. fragilis subsp. distasonis exhibited the same growth pattern as B. fragilis subsp. fragilis (Table 5) . aThe basal medium is similar to the inoculum medium given in Table 1 , except that Casitone, volatile fatty acid, and vitamin solutions were deleted. Additions were as indicated above and in concentrations as in the inoculum medium, except that B,2 and methionine were added at concentrations of 5 ng/100 ml and 0.5 mM, respectively. Growth is indicated as the mean maximal OD of three tubes after three serial transfers. Numbers in parentheses indicate hours of incubation required to reach the maximal OD. (24) . NH4+ is known to be the main nitrogen source for rumen bacteria, and little free amino acids or peptides are available for microbial growth in the rumen during much of the time (5, 9) .
The relatively simple nutrient requirements shown in the present study should be of considerable value in further studies on B. fragilis. This information could be used together with information on relative sensitivity to antibiotics, etc. (23) , for development of truly selective methods of isolation and enumeration. The minimal medium has value in genetic studies and can be useful in systematic studies for separation of B. fragilis from many other species in the family Bacteriodaceae. For example, B. ruminicola and B. succinogenes would not grow in the medium because of requirements for B vitamins other than B,2 (4) , and preliminary studies show that B. ochraceus, strains of all subspecies of B. melaninogenicus, B. biacutus, B. clostridiiformis, Fusobacterium fusiforme, F. nucleatum, and F. necrophorum will not grow on the minimal medium because of requirements for more B vitamins or vitamin K (12), more complex nitrogen sources, or unknown reasons.
